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CONVECTIVEHEAT-TRANSFERTESTRESULTS

FORA GAP,CYLINDRICAL-PROTUBERANCE,AND

SHOCK-IMPINGEMENTFLAP-PLATEMODEL

(15-0 INSERTVIII) IN THENASA-AMES

3.5-FOOTHYPERSONICWINDTUNNEL(IH27)

by

T. F. Foster and W H. Dye
Rockwell International Space Division

ABSTRACT

This report presents convective hea_:-transfer data from a test

program (IH27) conducted with a Rockwell flat-plate, thin-skin thermo-

couple model (No. 15-0 with insert VIII) in the NASA-Ames 3.5-Foot

Hypersonic Wind Tunnel. This was a pararletric study to determine the

effects of surface protuberances and shock impingement on the surface

heating and the heating in simulated thermal protection system (TPS)

tile gaps of the Space Shuttle Orbiter. The model was a flat-plate

with gaps, various cylindrical protuberances, and an oblique-shock

generator to simulate strut-attachment and shock-impingement effects

on surface and gap heating for the Orbiter when mated to the External

tank. Data were obtained at Mach 5.2 for laminar and turbulent

boundary-layer flows.

Mr. W. K. Lockman, Ames Research Center, is acknowledged for his

technical assistance applicable to data reduction and to the preparation

of this report.
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INTRODUCTION

The thermal environment of the Space Shuttle Orbiter TPS tiles during

ascent must be modeled to support their design. These tiles are in a

complex flow field influenced by Orbiter/tank attach struts and oblique

shocks generated by the Orbiter and solid-rocket boosters. The gaps be-

tween TPS tiles are an especially critical heating region.

This aeroheating environment was experimentally investigated during

test IH27 in the NASA-Ames 3.5-Foot Hypersonic Wind Tunnel. The TPS tiles

were simulated by a flat-plate, thin-skin model with gaps on its surface

instrumented with thermocouples. Cylindrical protuberances and an oblique-

shock generator were tested with the model to simulate strut-attachment

and shock-impingement effects on surface and gap heating with laminar and

turbulent boundary-layer flows.

Model gap configurations investigated were as follows:

I) Single transverse gap (perpendicular to freestream flow)

2) Single longitudinal gap (parallel to freestream flow)

3) Single gap inclined 45 ° to freestream flow

4) Orthogonal intersecting gaps parallel and perpendicular to
freestream flow

5) Orthogonal intersecting gaps inclined 45 ° to the flow

The gaps were tested alone, with a cylindrical protuberance immedi-

ately downstream of their intersection point, or with an oblique shock wave

impinging the model at various locations. A wedge was used to generate

the oblique shock, with the shock location controlled by vertical and/or

horizontal translation of the wedge.



CONFIGURATIONSINVESTIGATED

The 15-0 Vlll model is a flat-plate, thin-skin thermocouple model simu-

lating full-scale TPSgaps in the vicinity of tank-to-Orbiter structure

attachments. The model consists of the 15-0 flat plate carrier used in

previous tests, three _x 24-inch instrumented modulesof model 15-0 in-

sert III, a three-piece circular turntable section with two orthogonal

intersecting gaps, various size circular cylindrical protuberances, and a

wedgeshock generator (figures 1 and 3). Model nomenclature is summarized

in Table I Three 6-inch modulesof the 15-0 insert VIII were located in

front of the turntable insert from model station 12 thru 30 to provide sur-

face centerline instrumentation. The first 6-inch module wasnot instru-

mented. All instrumented areas of the model were constructed of 17-4 PH

stainless steel.

The turntable section was an eleven-inch radius, three-piece circular

section which was rotated counterclockwi_;e to 0° and 45 ° to provide the

gap configurations as shown in figure lb. Gaps were filled with stainless

steel shims and dental plaster to provide configurations with closed gaps.

Gap widths of 0.050 inch and 0.I00 inch were provided by sliding the three

pieces of the turntable outward. The gap depth was constant at 1.25 inches.

The corner radii were 0.060 inch except for one 4.5 inch (from y : -3.0 to

y : -7.5) long section with 0.120 inch radius. The turntable section was

interchanged with 6-x 24-inch modules to provide turntable center locations

at model stations 24 and 42 for both laminar and turbulent testing.

Various circular cross-section cylinders were located near the gap



CONFIGURATIONSINVESTIGATED(Concluded)

intersection of the turntable test area to simulate several Orbiter strut

attachment configurations as shown in figures la, Ib, and Ic. The circular

cylinders used for this test were as follows:

l-in. diameter right cylinder - 8-in. high

2-in. diameter right cylinder - 8-in. high

4-in. diameter right cylinder - 8-in. high

2-in. diameter cylinder inclined into flow - 8-in. high

To reduce heat-sink effects, each cylinder had an insulation pad the same

diameter as the cylinder between the cylinder base and the flat.-plate sur-

face. The two-inch right circular cylinder also had an insulation pad one

inch in diameter and 0.25 inch thick. See figure Ic for protuberance de-

finition.

The oblique-shock generator was a 15 ° wedge, fully spanning the flat

plate, with pitch capability to provide flow turning angles of _ : 5° and

lO _ (see figure Id and le). The leading-edge radius was 0.005 in. and the

trailing edge was adjustable to 0.5, l.O, 1.5, and 2.0 in. above the model

surface. The wedge had a yaw capability of 0 ° and 3° about the model

centerline, but it was only set to 0° for this test. For each combination

of wedge _ and vertical displacement, the shock impingement point was

adjustable by fore and aft movement of approximately eight inches from

the turntable center, Wedge leading-edge position (d) for shock impinge-

ment at the gap centerline for inviscid flow was computed using :

6 sin 6 + h2
d = The wedge and support apparatus were located for

tan e

testing with gap intersection at model stations 24 and 42.

IO
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INSTRLIMENTAT]ON

The thin-skin model was instrumented with 330 chromel-constantan

thermocouples (0.005 inwire diameter) spot welded to the model inner sur-

face at the locations given in figure 2 and Table IV. The nominal skin

thickness was 0.015 in. for all instrumented areas except for the region

near the gap intersection where the thickness was 0.025 in. to reduce gap

wall deflections under high pressure loading caused by the protuberances.

The 330 thermocouples were connected te 66 plugs with 5 thermocouples per

plug. These plugs were stowed inside an aft extension compartment of the

model. Plugs attached to chromel-constaLntan extension leads from the data

acquisition system, through a thermocouple reference-temperature box, were

also stowed in this compartment. Thus, all thermocouple changes were made

by plug changes at the model.

Two static pressure taps were located on the model to verify the

shock strength for the two wedge angles. One tap (PI) was located on the

flat plate surface of section I. Another tap (P2) was located on the

wedge bottom surface. The P2 tap was positioned such that it was not in

the region of the reflected shock impingement point on the wedge. When

the turntable was rotated for gap configurations C & F, the P1 pressure

tap rotated to a region which may have been influenced by the disturbed

boundary layer region in front of the shock.

II



TESTFACILITYDESCRIPTION

The NASA-Ames3.5-Foot Hypersonic WindTunnel is a closed-circuit,

blowdown-typetunnel capable of operating at nominal Machnumbersof 5, 7,

and I0 at pressures to 1800 psia and temperatures to 3400°Rfor run times

to four minutes. The major componentsof the facility include a gas stor-

age systemwhere the test gas is stored at 3000 psi, a storage heater

filled with aluminum-oxide pebbles capable of heating the test gas to

3400°R, axisymmetric contoured nozzles with exit diameters of 42 inches

for generating the desired Machnumber, and a 900,000 ft 3 vacuumstorage

system which operates to pressures of 0.3 psia. The test section itself

is an open-jet type enclosed within a chamberapproximately 12 feet in

diameter and 40 feet in length, arranged transversally to the flow

direction.

A model support system is provided that can pitch models through an

angle-of-attack range of -20 to +20 degrees, in a vertical plane, about

a fixed point of rotation on the tunnel centerline. This rotation point

is adjustable from l to 5 feet from the nozzle exit plane. The model

normally is out of the test stream (strut centerline 37 inches from tunnel

centerline) until the tunnel test conditions are established, after which

it is inserted. Insertion time is adjustable to as little as I/2 second

and models may be inserted at any strut angle.

A high-speed, analog-to-digital data acquistion system is used to re-

cord test data on magnetic tape. The present system is equipped to mea-

sure and record the outputs from 80 transducers in addition to 20 channels

of tunnel parameters.

12
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TEST PROCEDJRES

The model was mounted at 0° angle of attack on a base sting to the

tunnel quick-insert support mechanism. This mechanism injected the model

into the air stream when steady-state test conditions were established

and retracted the model at the completion of data acquisition. The model

injection time, time on tunnel centerline, and retraction time were each

i

set at about 1 second to give a total test duration of about 3 seconds.

The nominal test conditions are given in Table II.

Dental plaster was used to fill in the ring spacer around the turn-

table circumference when the gap width was changed. The three turntable

sections slid outward to increase the gap width. The forward transverse

gaps of the 6" x 24" modules of insert VIII were filled with plaster for

the entire test. Plaster and aluminum tape were used to seal the bottom-

surface bolt holes from pressure leakage to or from the model interior.

O-rings were used in all instrumented gaps to seal the sliding joint of

the gap wall and floor.

The model wall temperature and pressure data along with the tunnel

conditions were recorded on magnetic tape at O.07°second intervals during

the test duration of about 3 seconds. The heat-transfer data were re-

duced using the techniques given in the Data Reduction section of this

report. The combination of 330 model t_ermocouples, a 75-thermocouple

input limit to the data acquisition system per run, and the number of

different model configurations necessitated 18 different thermocouple

plug hookup schedules for this test as given in Table V.

13



TESTPROCEDURES(Concluded)

Shadowgraphphotographs were taken for each cylinder or oblique-shock

generator run. The oblique-shock run shadowgraphswere analyzed on site

to determine shock impingement location. Any deviation in the actual im-

pingement location from the calculated inviscid location wasalleviated

by fore and aft positioning of the wedgeleading edge. Someruns were

also madeto determine the surface oil-flow patterns around the cylinder

protuberances with and without open gap configurations (see figures 3i

and 3j ).

14



% DATA REDUCTION

All test data were reduced at the NASA/Ames Research "Center using the

data-reduction techniques outlined below. The thermocouple data were

reduced using the one-dimensional, thin-wall equation:

dT H H

-"_w = h (Haw Hw) - hHt (aH_tw _t= Web dt - - ) (1)

which neglects heat-conductlon losses.

Assum/n s that W and h are constant and

C - Co+ C1 Tw + C2 Tw2 for Tw ranges (2)

the integration of equation (i) for t - ti to t and Tw = Twi

to T yields the linear equation:
W

(Tw - Twl )

hc

= --£ (t - q) (3)WC' b
aw

where it is defined that:

H H
T' Haw _ aw t

aw _ • (Taw) (4)c - H c -- PG
p t p

C'aw _ Co + C1 T'aw + C2 T'aw2 (5)

¢ specific heat at adiabatic wall temperature

I5



The form of Eq (3) is f(T w) = mt + a where m is the slope and a is

the intercept for a straight line if heat-conductlon errors are negligible.

THUS, deviations from a stralgh_ line can indicate heat-conductlon effects.

The slope, m, of f(Tw) vs t from Eq (3) is computed by a least-squares,

straight-llne fit over a finite time interval (approx 1 sec) beginning when

the model reaches uniform tunnel flow. The value of the heat-transfer

coefficient, h, is then determined from:

WC' .b
aw

h - -- m (6)
c
P

Using this value of h, the heat-transfer rate is evaluated at the initial

time,

M

w i

ti, when the model is isothermal at the initial wall enthalpy,

4 = 4 i " h (Haw - Hwi) _ hH t (Haw Hwl)
(7)

where Haw/H t is the same value used to evaluate h. The resultant value

of _ is independent of =he value of Haw/H t used for both the h and

evaluations.

The reference sphere heating is also evaluated at the inital wall

enthalpy by the method of Fay and Riddell (ref. 2):

H

w i

qs = hs (Ht - Hwi) _ hs Ht (1.0 -g---)
t

(8)

The model-to-sphere ratio of heat-=ransfer coefficients is then

determined from Eqs. (7) and (8) as

Hwl/H= 1
(9)

16



where qi is constant for all values of Haw/H = •

To determine h/h for various values of
8

Haw/H t is substituted into Eq. (9).

The Stanton number is defined as

h qi
St- _ -

Du oU(Haw- Hwi)

Haw/H t, the particular value of

(lO)

where for free-stream conditions, 0u - O® V® .

The calculations of the model heating, reference sphere heating, and

Reynolds number included the corrections of NACA report 1135 (ref. 3) for

calorically imperfect, thermally perfect air. Keyes' equation for viscosity

(see ref. _ was also used for the sphere heating and Reynolds number

computationa:

O.O232 x 10-6 T0'5
. (11)

220 IO-9/T
l+Tx

where the uni=s for T and u are "K and Ib-sec/ft 2, respectively.

17



Final reduced heat-transfer coefficient data were referenced to

theoretical flat.-plate data. Values of h/h s from laminar test data (gap

at X = 24 in) were ratioed to the value of h/h s predicted by Eckert

Laminar Theory (ref. 5) for a corresponding X (distance from leading

edge). Values of h/h s'from turbulent test data (gap at X = 42 in) were

ratioed to the value of h/h s predicted by Spalding-Chi Turbulent Theory

(ref. 6) for a corresponding X. Resulting coefficients were labeled

H/HFP. Tables VI and VII provide theoretical reference data used in

this computation for _ -- 0° and _ = 45°, respectively. Turbulent refer-

ence data from Tables VI and VII were multiplied by the factor given in

Table VIII to account for difference in freestream flow between runs.

18



REMARKS

The various gap configurations were generated by filling one or more

of the intersecting gaps with stainless steel filler plates and dental

plaster. In addition, all gaps and joints betweenmating surfaces were

filled with dental plaster. The plaster surface deflections were _ ,001

inch and should not have affected transition. As can be seen from plots

of h vs X, however, a local discontinuity in heating does occur at the

filled transverse gap station for the flat plate control runs. At this

station the T/C instrumentation was approximately 0.I to 0.2 in. from the

plaster; this could have affected the measurements.

The wedge oblique-shock generator was designed to be tested at four

vertical displacement locations (h2). It was initially planned to test

with h2 = 0.5 inch to keep the wedge as close to the flat-plate surface

as possible without choking the flow. This would permit maximum separa-

tion between the impingements of the wedge oblique shock and the wedge

trailing edge expansion fan with the flat plate surface. The shadowgraph

from the first run using a wedge demonstrated that flow aft of the shock

between the wedge and the plate was irregular. The shock wave was curved

forward and the impingement point could not be detected. To avoid this

problem, remaining test data were obtained with h2 = 1.5". Since the

theoretical shock impingement point was computed for inviscid flow, the

actual impingement point was adjusted(by fore and aft displacement of

the wedge leading edge) to bracket the peak heating region aft of the

shock about the theoretical impingement point. This was done for gap

l_O



REMARKS (Concluded)

configuration B during runs 31-35, 49, and 60.

One current design consideration for the heating in the TPS gaps is

to fill them with a loose fiber material called "monkey fur." Runs 61 and

62 were conceived during the test period to simulate this configuration.

For these additional data points, fiberglass insulation was loosly packed

into the gaps of configuration B to qualitatively determine the reduction

in gap heating with a gap filler.

2O
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TABLE IV. - THERMOCOUPLELOCATIONS

T/C Plug
No. No.

XI YI ZI

Turntable _ Location
X : 24 X= 42 All

Comments

1 III-I

3
4
5
6 111-6
7
8
9

I0
21 V 11-21
22
23
24
25
26 V II-26
27

29
30
31 Vlll-31

33
34
35
36 VIII-36

38
39
40
41 VIII-41
42

44
45

-18.50 23.50
-19.45 22.55
-20.95 21.05
-22.45 19.55
-23.40 18.60
-24.5O 17.50
-25.45 16.55
-26.95 15.05
-28.45 13.55
-29.40 12.60

NA NA

NA 0 0

I0
8.5
7.0
6.0
4.0
2.0
1.3
1.0
0.750
0.500
0.500
0.25O
0.500
0.500
6.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
7.000
6.000
5.000

0.5

V
0.250
0.5OO
0.750
1.000
1.500
2.000
3.000
4.000
6.000
7.000
9.000

I0.000
7.000
6.000
5.OOO

Existing T/C's of
Module III

V

Surface Section 2

",V

Note: All dimensions in inches
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_''T_,_j_IV. T/C LCCATZOFS (Continued)

T/c PL,_
No. No. XI YI ZI Comments

VIII-A6 0 Surface Section 246

47

48

$9
50
51
52

53
54

55

56

57

58

59
60
6!

62
63

64

65
66

67
6S
69

70
71

72

73
74

75
76
77
78

79

8O

8!

82

83
84

S5
S6
87
88

S9
90

Vlll-51

Vlii-56

E
VIIi-61

VIII-66

VTII-71

VIii-76

Vlll-81

VIII-86

_.000

3.000
2.000

1.500
1.000

1.500

1.250
1.000

0.750

0.250
iO.OOO

i0 000

7•000

7.000

_..000

2.000

L.O00

3.000
2.000

1.5o0
1;ooo
3.00o

-o.o25

I

0.000

+0.025
l

-0.025

0.000

+0.025

-0.025

I
t

O.000

+O.025

-0}025

0.0176

0.125

0.250

O.500

I.OOO

!.250

0.750

0.250

0.125
0.0!76

o.o176

0.125

0.250

O.5OO
l.OCO

1.250

0.750

0.250
0.125

O.0176

0.0176

0.125
0.250

0.5_
i.000

I.250

0.750

0.250
0.125

0.0176

O.0176

O.125

0.250

O.5OO
1.000

Gap Sections 1-2

28



,_'_-"-"' IV. -, ..... ,,..A,_,.,':,__ (,_cn,int,ed)

TIC PI_
No. No. X l YI ZI Ccm_ents

2.0C0 0.0CO Gap Sections 1-2
4.025

91 VIII-9i
92

93
9&

95
96 VIII-96

9S
99

!00 I

lob VTT _ _oI

102

!03
!O&

!05
!06 _'Ii_-i06

_0

109
!i0

!!! VIII-Ill
i12

i!3

!!&

i!5

116 V-_-LI-L16

!17

118

i!9

120

12! VIII-12!
122

!23

12A

125
126 VIII-126

127

128 "

129

131 VIII-i3i

132

133

13&

135

1.000 -0.025

i 000

0.25

0 25

91oo
8.000

6.OOO

5.0o0

3.oo0
9.000

8.000

6.000

5.ooo

3.oOO
9.ooo

8.000

6.000

5.OOO
3.000

0.025

J
-O.025

0.025

-O.O25

O.000

.I
+O.025

1.250

o.750

o.250

0.!25
0.0176

0.0176

0.!25

0.250

0.500

!.000

0.750

0.250

0.125

0.0176

Open

0.0,.3
0.!_

0.250

0.375

O. 500
0.625

0._75

1.O00

Open

0.750

0.250

0._5

o_o713
o.o_76
0.500

1
1.250

1
I

0.750

.
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TABLE IV. T/C IOCATIO:',:_(Continued)

:'lc P...
Yc. ,'_o..._Y _ YI Zi Cc_ment s

136

137

138

!39

!&O

iA!

l&2

!A3
!4A

iA5

iA6

!AT

!A8

ig9

!50

"-5"-

152
!53

15A

155
156

157

158

159
160

162

163

16A

165

166

167

168

!69

.L,' '

17!

172

!73
!TA

175
176

177

178

179

180

Vii!-136

Vlli-l&l

+C.025 Gap Sections i, 2-3

0.000
-0.025

i0.000

I0!000

V!l!-iA6 +0.025 7.0C0

Vlli-!51

i
l

-.r ] /VI!_--5o

J

VI!I-!6!

VL_-.66

Vlll-171

C.OO0

-0.025

+O.025

,[
0.000

-0.025

I
+O.O25

0.000

-0.025

VIII-176

3.000

2.000

2.000

0.0176

o.125

0.250

o.5oo
1.O00

1.250

0.750

0.250

0.L25

0.0176

0.0176

0.125
A

_.250

0.500
!.000

1.250
c.750

0.250
0.125
0.0176

0._76

0.125

0.250

0°500

1.O00

1.250

1.000

0.875

0.750

0.625

0.375

0.250

0.125

0.0713

0.0176
0.o176

0.125

0.250

0.500
1.ooo

1.250

0.750

0.250

0.125
0.0176

3O



q

TABL_Z ;V. T/C T_-_--_v_IJ.,_: _ (Continued)

T/C Plug

.Uc. No. XI Yi Zr Comment s

1.500 Gap Secticns !, 2, -3!81

182

183

18A

185
186

187

188

!89

190

!9!

192

193

i%

195
] •-9o

197

198

!99

2c0

2CI

202

203

2C&

205

206

207

208

209

210

211

212

213

2_
215

216

2]7

218

219

220
221

222

223

22/_

225

VIIi-181

VI!!-!86

Vll!-i91 i.000

V111-i96

VI!!-2Ol 0.750

J

VIII-206

VIII-211 O.

+0.025

L
O. 000

-0.025

+O.025

0!000

-0.025

1
+O.O25

O!O00

-0.025

+O.025

VIII-216 0.000

-0.025

VII!-_21 +0!025
Oq

_00

250

0.o176

0.!25

0.250

O.5OO

l.O00

1.250

0.750

0.250

0.125

0.0176

0.0176

o.125

0.250

o.5oo
I. 000

1.250

0.750

0.250

0.125

0.0176

0.0176

0.125

0.250

0.5oo
i. 000

1.250

0.750

0.250
0.125

0.0176

O. 0176

0.125

0.250

0.5oo
1.000

1.250

O.75O

O.25O

0.125

0.0176
0.0176

0.125

O.25O

o.5oo
1.O00

3]



• -',O.,aT..,_,_JS (Continued)

:/c

226

227

228

229

23O
231

232

233

23L

235

236

237

23_

279
24_6

_!

21_2

2_3

2A5
2&6

2&7

2_,8

2_9

25O
251
252
253
25_
255
256
257
258
259
26O
261
262
263
26z_
265
266
267
268
269
270

VIII-226

V!II-231

VII!-236

VilI-2&I

Vl!!-2&6

0.000 0.250

-O.O25

p

_025

0!000

-0.025

+o.o25

V!li-251

V!II-256

O.000

--0.025

1
O.000

-0.025

VIII-261

V!ii-266

I.
0.000

-o. iO0

-I. 500

-2.5oo
-2.500
-3.500

-_.5oo
-6.000
9.000

8.000
6.000

5.000

&.coo

9.000

8.oo0

6.0OO

5.0oo

_.OOC

1o250

1.000

0.875

0.750

o.625

0.375

0.250

C.125

0.o713
1"70.0_,6

0.0176

0.125
0.250
O. 500

000

!.250

0.750

o. 250

o.!25

0.0Z76
O. 0176

o.125

0.250
O. 500
1.000

!.250

0.750

0.250

0.125

0.0176

1.250

0.750

O.5OO

1!250

Gap Sections i, 2, -3
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TAB!E IV. _/C: LCCATI,O_"S(Ccnt_ued)

No. No. XI Y I Z! Com,ment s

VIII-271 0.750 Gap Sections I, 2,271

272

273
27&

275

276

277

278

279

28O

281
282

283

28&

285
2_6

287

288

289

290

291

292

293

29&

295

296

297

298
299

3OO

301

3O2
3O3

30&
3O5

306

3O7

3O8

3O9

310

311

312

3!5

VIII-276 O.O00 Surface Section 3

ViiI-281 O.000

VIII-286

VIii-29!

V_II-296

VIII-301

VIII-306

VITT _ l

-0.025

-O!250

-0. 500

-0.750

-!.000

-1.500
-0.250

-0.500

-0.750
-I.000

-1.500

-0.500

-0.750
-i.000

-1.500

-0.500
-i.000

-1.500
-2.000

-3.oo0
-2.000
-3.250

l-_.250
-5.250

-6.250
-2.O0O

-3.000
-&.OOO
-2.000
-3.000

+1.250
+!.000

+O.750
+O.500

+0.250

-0.250

-0.500

-0.750

--_eVV_

-1.250

9•CO0
8.000

6.000

5.000

k. 000

-!. 500

1
+1.500

+3 • 000

+7 •0o0

-i. 500
0.000

+l 1500

+3 !000

-5!25
Surface Section i, 3

-3
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TABLE IV. T/C LCCATIC?Z(Concluded

rn.!._ .=l_
No. No. XZ YI Z_ Ce_er.ts

316

317

318
3-9
320

321

322

323

32&
325
326

327

328

329
330

331
332

333

33&

335

336

337

338
339

3&o

VIII-3!6 -5.25 Gap Secticn i, 3

(Ed{e P_adius = 0.12")

VIII-321

V!I!-326

+0.025

I
0.000

-0.025

vi!I-331 0.OO0

VI11-336

-1

1.00t3
0.25o
0.000

-0.025

-0.025
-0.025

I
0.000

O. _/0_1o

o.125
0.250
0.500

1.000

1.250
1.OOO

0._75

0.625
0._15
_.250

0.125

0.0713
0.C!76

1.250

0.S75
0.750
0.375
0.250
0.125

0.0713
0.0176

Gap Section i, 2-3
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q _-........_T_T-" PLUG __00%_P ooHcD'._J=TABLE" V. - _i_,_':u_._,_

Hookup
No.

2

8

i0

ii

12

13

15

16

17

Constant

Set

i0

2O

3O

&O

5O

6O

7O

8O

9O

i00

ii0

120

130

IAO

150

160

170

Model Plug No's

Ill-l, III-6, III-11, VIII-21, 26, 31, 36,

51, 276, 281, 286, 291, 296, 301, 306

VIII-21, 71, lO1, 106, ili, 151, i91, 196,

221, 226, 23!, 321, 326, 331, 356

VIII-A6, 146, 15i, 201, 206, 221, 226, 231,

266, 271, 316, 321, 326, 531, 3}6

III-6 , VIII-46, iAi, 151, !7i, 176, 201,

206, 221, 226, 231, 261, 266, 271, 281

III-6 Vlll-21, 26, 31, 56, &l, &6, 276,

281, 286, 291, 296, 301, 506, 31i

III-6, VIII-21, 26, 31, 36, &6, 61, 71,

91, I01, 106, Iii, 126, 131, IAl

VIII-Ig6,'I51, 191, 196, 201, 206, 221,

226, 251, 261, 266, 271, 281, 3_i, 336

III-_, VIII-iA6, 151, 201, 206, 221, 226,

231, 2A6, 251, 271, 321, 326, 331, 336

III-6 , VIII-136, l&l, l&6, 151, 171, 176,

201, 206, 221, 226, 231, 261, 266, 271

VIII-21, 26, 51, 71, i01, i06, iii, iAI,

iA6, 151, 156, 161, 166, 171, 176

VIII-181, 186, 191,. 196, 221, 226, 231, 2%6,

251, 266, 271, 286, 296, 331, 336

III-6, VIII-A6, 51, 71, 91, 96, i0i, 106,

iii, 116, iA6, 151, 171, 176, 191

VIII-196, 211, 216, 236, 2A1, 2&6, 251,

281, 286, 301, 316, 321, 326, 331, 336

III- 6, VIII-&6, 151, 161, 166, i71, 176,

201, 206, 2&6, 251, 321, 326, 331, 336

III-6, VIII-21, 26, l&6, 151, 181, 186, 201,

206, 276, 281, 296, 316, 321, 326

_0_-,III-6, VIII-21, 26, l&6, 151, 181, 186, _ _

206, 221, 226, 231, 296, 331, 336

III-6, VIII-21, 26, 56, 61, 76, 81, 96, i01,

106, iii, i16, 126, 131, 296



TABLE V. - Concluded

Hookup
No.

18 _"

Constant Model Plugs
Set

180 111-6, Vlll-71, 91, I01, 106, III, 146
151, 191, 196, 221, 226, 237, 331, 336

Note: Amplifier gains were changed to keep output from T/C'sin the vicin-
ity of the cylinder from exceeding data system limits during the
high Reynolds number runs. These runs are denoted by the digit
"I" in the units column of the constant set numbers.
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TIC
NO.

21

22

23
24

25

26
27

28

29

3O
31

32
33

34

35
36

37

38

39
40

41
42

43

44
45

46

47
48

49

50
51

52

53
54

55
56

57

58

59

60
61

TABLE Vl.

XI

10. 000

8.500

9.9OO

6.000
4.000

2.000

1.3O0
I.000

0.758
O.508

O.500

0.250

O.500
O.500

O.500
O.500

O.500

O.500

0.500
O.500

O.500

O.500
7.000

6.000

5.000

4.000
3.000
2.000

I.500

I.000
I.500

l.250

I.000

0.750
0.250

lO.000

lO.000
lO.000

lO.000

lO.000

lO.000

- FLAT PLATE THEORETICAL
: 0°

h/hSLam

.I0205

.09686

.09206

.08907

.08362

.07887

.07737

.07675

.07625

.07576

.07576

.07528

.07576

.07576

.07576

.07576

.07576

.07576

.07576

.07576

.07576

.07576

.09206

.08907

.08626

08362
08116
07887

07779

07675
07779

07726

07675
07625

07528

I0205

I0205
I0205

I0205

I0205

I0205

REFERENCE

h/hSTurb

39540
39278
39025
38862
30546
38245
38143
3810O
38065
38029
38029
37994

.38029

.38029

.38029

.38029

.38029

.38029

.38029

.38029

.38029

.38029

.39025

.38862
.38702
.38546
.38393
.38245
.38172
.38100
.38172
.38136
.38100
.38065
.37994
.39540
.39540
.39540
.39540
.39540
.39540

DATA,
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TABLEVI. - Continued

T/C
No.

62
63
64
65
66
67
68
69
7O
71
72
73
74
75
76
77
78
79
8O
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

1O0
I01
102
103

XI

10.000
10.000
I0.000
10.000
7.000
7.000
7.000
7.000
7.000
7.000
7.000
7.000
7.000
7.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
4.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

h/hSLam

.10205
,10205
.10205
.10205
.09206
.09206
.09206
.09206
.09206
.09206
.09206
.09206
.09206
.09206
.08362
.08362
.08362
.08362
.08362
.08362
.08362
.08362
.08362
.08362
.07887
.07887
.07887
.07887
.07887
.07887
.07887
.07887
.07887
.07887
.07675
.07675
.07675
.07675
.07675
.07675
.07675
.07675

h/hSTurb

.39540

.39540

.39540

.39540
.39025,
.39025
.39025
.39025
.39025
.39025
.39025
.39025
,39025
.39O25
.38546
.38546
.38546
.38546
.38546
.38546
,38546
.38546
.38546
.38546
.38246
.38245
.38245
.38245
,38245
.38245
.38245
.38245
.38245
.38245
.38100
.38100
.38100
.38100
.38100
.38100
.38100
.38100
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f

TIC
No.

IO4

I05

106
107

IO8

109
II0

III

112

113
114

115

116
117

118

119

120
121

122

123
124

125
126

127

128

129
130

131.
132

133
134

135

136
137

138

139
140

141

142
143

144

145

XI

1. 000
open
0.250
0.250
0.250
0.250

0.25,0
0.250
0.250
0.250
0.250
open
0,250
0.250
0.250
0.250
0.250
9.000
8.000
6.000
5.000
3.000
9.000
8,000
6.000
5.000
3.000

9.000
8.000

6.000
5.000

3.000

0.025
0.025
0.025
0.025
O. 025
O. 000

-0.025
-0.025
-0.025
-0.025

TABLE VI. - Continued

h/hSLam

.07675

.07528

.07528

.07528
.07528
.07528
.07528
.07528
.07528
.07528

.07528

.07528

.07528

.07528

.07528
,09855
.09521
.08907
.08626
.08116
09855
09521
08907
08626
08116
09855
09521
08907
08626
08116
07485
07485
07485
07485
07485
07481
O7476
07476
07476
07476

39

h/hSTurb

.38100

.37994
37994

37994

37994

37994
37994

37994

37994

37994

.37994

.37994

.37994

.37994

.37994

.39364

.39193

.38862

.38702

.38393

.39364

.39193

.38862

.38702

.38393

.39364

.39193

".38862
.38702

.38393

.37963

.37963

.37963

.37963

.37963

.37960

.37956

.37956

.37956

.37956



TABLEVl. - Continued

T/C
No.

146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

XI

+0.O25
+0.025
+0.025
+0.025
+0.025
0.000

-0.023
0.023
0.025
0.025

+0.025
+0.025
+0.025
+0.025
+0.025
0.000

-0.025
-0.025
-0.025
-0.025

-0.025

-0.025
-0.025

-0.025

-0.025
-0.025

+0.025
+0.025
+0.025
+0.025

0.000

-0.025

-0.025

-0.025
_0.025

+0.025

+0.025
+0.025

+0.025

+0.025

0.000

-0.O25

-0.025

h/hSLam

.07485

.07485

.07485

.07485

.07485

.07481
.07476
.07476
.07476
.07476
.07485
07485
07485
07485
07485
O7481
07476
07476
07476
07476
07476
07476
07476

.07476

.07476

.07485

.07482

.07485

.07485

.07485

.07481
.07476
.07476
.07476
.07476
.07485
.07485
07485
07485
07485
07481
07476
07476

h/hSTurb

.37963

37963

37963
37963

37963

37960

37956
37956

37956
37956

37963

37963

37963

37963
37963

37960
37956

37956
.37956

.37956

.37956

.37956
37956

37956

37956

37963
37963

37963

37963

37963
37960

37956

.37956

.37956

.37956

.37963

.37963

.37963

.37963

.37963

.37960

.37956

.37956
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#-

TIC
NO.

189
190
191
192
193
194
195
196
197
198
199
2OO
201
202
203
204
2O5
206
207
2O8
209
210
211
212
213
214
215
216

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

XI

-0.025
-0.025
+0.025
+0. 025
+0.025
+0.025
+0. 025

O. 000
-0.025
-0.025
-0. 025
-0.025
+0.025
+0. 025
+0.025
+0. 025
+0.025
+0. 000
-0.025
-0.025
-0.025
-0. 025
+0. 025
+0.025
+0. 025
+0. 025
+0.025

O. 000
-0.025
-0.025
-0.025
-0.025
+0. 025
+0. 025
+0. 025
+0. 025
+0. 025
_0. 000
-0. 025
-0.025
-0.025

-0.025

-0.025

TABLE Vl. - Continued

h/hSLa m

,07476
.07476
.07485
.07485
.07485
,07485
.07485
.07481
,07476
.07476
.07476
07476
07485
07485
07485
07485
07485
07481
07476
07476

.07476

.07476

.07485
,07485
.07485
.07485
,07485
.07481
.07476
.07476
.07476
.07476
.07485
.07485
07485
07485
07485

07a81
07476

07476

07476
07476

u/+16

41

h/hSTurb

37956

37956
37963

37963

37963
37963

37963

37960

37956
37956

37956

.37956

.37963

.37963

.37963

.37963

.37963

.37956

.37956

.37956

.37956

.37956

.37963

.37963

37963
37963

37963

37960
37956
37956

37956

37956

37963
37963

37963
37963

.37963

.37960

.37956

.37956

.37956

.37956

.37956



TABLE VI. - Continued

T/C
No.

232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
25O
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273

XI

-0.025

-0.025
-0.025

-0.025

+0.025

+0.025
+0.025

+0.025
+0.025

O.000

-0.025
-0.025

-0.025

-0.025
+0.025

+0.025

+0.025
+0.025

+0.025

0.000
-0.025

-0.025
-0.025

-0.025

0.000

-0.025

-0. 025

-0.025

-0.025
-0.025

-0. 025
-0.025

-0.025

-0.025

0.000
0.000

0.000

0.000

0.000

-0.025

-0.025

-0.025

h/hSLa m

.07476

.07476

.07476

.07476

.07485

.07485
.07485
.07485
.07485
.07481
.07476
,07476
.07476
.07476
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476
,07476
.07476
.07481
.07476
.07476
,07476
.07476
,07476
.07476
.07476
.07476
.07476
.07481
.07481
.07481
.07481
.07481
.07476
.07476
.07476

h/hSTurb

.37956

.37956

.37956

.37956

.37963

.37963

.37963

.37963

.37963

37960
37956

37956

37956

37956
37963

37963

37963
37963

.37963

.37960

.37956

.37956

.37956

.37956

.37960

.37956

.37956

37956
37956

37956

37956

37956
37956

37956

37960

.37960

.37960

.37960

.37960

.03756

.03756

.03756
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T/C
No.

274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
29O
29]
292
293
294
295
296
297
298
299
3OO
30]
302
303
3O4
3O5
306
307
308
309
310
311
312
313
314
315

XI

-0. 025
--0.025
-0.050
-0. 500
-0. 750
- 1. 000
-I .500
-I .250
-O.50O
-0.750
-I .000
-I. 5OO
-0.250
-0.500
-0.750
-I. 000
-I .500
-0.500
-I .000
-I .500
-2. 000
-3.000
-2. 000
-3.250
-4. 250
-5.250
-6.250
-2. 000
-3. 000
-4.000
-2. 000
-3.OOO
+I .250
+I. 000
+0.750
+0. 500
+0. 250
+0.250
-0. 500
-0.750
-]. 000
-I .250

TABLE VI. -

h/hSLa m

07476
07476
07435
07390
07346
07303
07303
O7435
07390
07346
07303

.07221

.07435

.07390

.07346

.07303

.07221

.07390

.07303

.07221
.07143
.07001
.07143
.06968
.06847
.06743
.06657
.07143
,07001
.06876
.07143
.07001
.07726
.07675
.07625
.07576
07528
07435

07390

07346
07303

07262

43

Continued.

h/hSTurb

.03756

.03756

.37891

.37891

.37856
.37823
.37823
.37925
.37891
.37856
,37823
,37756
37925
37891
39856
37823
37756
37891
37823
37756
37690
37560
37690

.37529

.37404

.37284

.37167

.37670

.37560

.37435

.37690

.37560

.33136

.35100

.38065

.38029

.37994

.37925

.37891

.37856
,37823
.37789



TABLE Vl. - Concluded.

TIC

No.

316
317

318

319

320
321

322
323

324

325
326

327

328
329

330
331

332

333
334

335

336
337

338

339

340

XI

+0.025

+0.025
+0.025

+0.025

+0.025

0.000
-0.025
-0.025

-0.025

-0.025
-0.025

-0.025

-0.025
-0.025

-0.025

l.O00
0.250

0.000

-0.025
-0.025

-0.025
-0.025

-0.025

-0.025

-0.025

hlhSLa m

.07485
07485
07485
07485
07485
07481
07476
07476
07476
07476
07476
07476
07476
07476
07476
07675
07528
07481
07476
07476
07476
07476
07476
07476
07476

h/hSTurb

37963

37963

37963
37963

37963
37963

37956

37956
37956

37956
37956

37956

.37956
37956

37956

38100
37994

37960

37956
37956

.37956

.37956

.37956

.37956

.37956
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TIC
No.

21
.22
23
24
25
26
27
28
29
3O
31
32
33
34
35
36
37
38
39
4O
41
42
43
44
45
46
47
48
49
5O
51
52
53
54
55
56
57
58
59
6O
61

TABLE Vll.- FLAT

XI

7.425
6.364
5.303
4.596
3.182
1.768
1.233
1.061
0.884
0.707
0.530
0.530
0.884
1.061
1.414
1.768
2.475
3.182
4.k96
5.303
6.718
7.425
9. 900
8.485
7.071
5.657
4.243
2.828
2.121
1.414
3.182
3.005
2.828
2.652
2.298
7.053
7.053
7.053
7.053
7.053
7.071

PLATE THEORETICAL
= 45 °

h/hSLa m

0.09340
0.09014
0.08710
0.08518
0.0816O
0.07836
0.07731
0.07688
0.07652
0.07617
0.07562
0.07582
0.07652
0 07704
0 07704
0 07836
0 07994
0 081 60
0 08518
0 0871 0
0 091 20
0 09340
0 I0169
0 09681
0 09228
0 08809
0 08425
0 08076
0 07914
0 07704
O. 08160
0.08118
0.08076
O. 08035
0.07954
0.09223
0.09223
O. O9223
0.09223
0.09223
O. 09228

REFERE_CE DATA,

h/hSTurb

O. 3947
0.3919
O. 3894
0.3878
O. 3849
O. 3823
0.3815
O. 381 08
O. 38084
0.38059
0.39034
O. 38034
O. 38084
O. 38121
O. 381 21
0.38230
0.38315
O. 38490
O. 38780
O. 38940
0.38979
0.39470
0.39523
0.39276
O. 39038
O. 38807
O. 38584
O. 38368
0.38263
0.38121
O. 38490
0.38395
O. 38368
O. 3834 2
O. 38289
0.39035
0.39035
0.39035
0.39035
0.39035
O. 39038
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TABLE Vll. - Continued.

T/C
No.

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
99

I00
I01

XI

7 089
7 089
7 089
7 089
4 032
4 932
4 932
4 932
4.932
4.950
4.967
4.967
4.967
4,967
2.811
2.811
2.811
2.811
2.811
2.828
2.846
2. 846
2,846
2 846
1 397
1 397
1 397
1 397
1 397
1 414
1 432
1 432
1,432
1.432
O. 689
O. 689
O. 689
O. 689
0.689
0.725
0.725

h/hSLa m

0.09223
0.09234
0.09234
0.09234
0.08608
0.08608
0.08608
0.08608
0.08608
O. 08613
O. 086177
0.086177
0.086177
0.086177
0.08072
0.O8072
0.08072
0.08072
0.08072
O.08076
0.08080
O.O8O8O
0.08080
0.08080
0.07758
0.07758
O.O7758
0.07758
0.07758
0,07704
0.07765
0.07765
0.07765
0.O7765
0.07613
0.07613
0.07613
0,07613
0.07613
0.07620
0.07620

h/hSTurb

O. 39038
O. 39041
O. 39041
0 39041
0 38691
0 38691
0 38691
0 33691
0 38691
0 38694
0.386ei
0.38691
O. 38691
0.38691
O. 38365
0.38365
O. 38365
0.38365
O. 38365
0.38368
0.38371
O. 38371
0.38371
O. 38371
0.38158
O. 381 58
O. 381 58
O. 381 58
O. 38158
0.38121
O. 38163
0.38163
O. 38163
O. 38163
0.38057
0.38057
0.38057
O. 38057
O. 38057
0.38057
O. 38062
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TABLEVll. - Continued

T/C
No.

XI h/hSLam h/hSTurb

102
103
104
105
106
107
108
109
II0
III
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
13O
131
132
133
134
135
136
137
138
139
140
141
142
143
i44

0.725
O.725
0.725
OPEN
0.159
0.159
0.159
0,159
0,159
0.159
0.159
0.159
0.159
OPEN
0.159
0 195
0 195
0 195
0 195
6 346
5 639
4 225
3 518
2 104
6 364
5 657
4 243
3 536
2 121
6 382
5 675
4.260
3.553
2.139
7.089
7.089
7. 089
7.O89
7.089
7.071
7,053
7.053
7.053

0.07620
0.07620
0.07620
OPEN
0.07511
0.07511
0.07511
0.07511
0.07511
0.07511
0.07511
0.07511
0.07511
OPEN
0.07518
0.07518
0,07518
0.07518
0.07518
0.09009
0.08805
0.08421
0.08242
0.07910
0.09014
0.08809
0.08425
0.08246
0.07914
O.091O0
O.08815
0.O8430
0.08251
0.07910
0.09234
0 09234
0 09234
0 09234
0 09234
0 09228
0 09223
0 O9223
0 09223

0.38062
0.38062
0.38062
OPEN
0.37982
0.37982
0.37982
0.37982
0.37982
0.37982
0.37982
0.37982
0,37982
OPEN
O.37987
0 37987
0 37987
0 37987
0 37987
0 38918
0 38804
0 38581
0 38472
0.38261
0.38921
O.38807
0.38584
0.38475
0,38263
0.38924
0,38810
0.38586
0.38477
0.38226
0,39041
0.39041
O.39041
0.39041
0.39041
0.39038
0.39035
0.39035
0.39035
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TABLEVll. - Continued

T/C
No.

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
16J
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

XI

7 053
4 967
4 967
4 967
4 967
4 967
4.950
4.932
4.932
4.932
4.932
2.139
2.139
2.139
2.139
2.139
2.121
2.104
2.104
2.104
2.104
2.104
2.104
2.104
2.104
2.104
l .432
l 432
l 432
l 432
l 432
l 414
l 397
l 397
l. 397
l .397
l .078
l .078
l. 078
l .078
l .078
l .061
l .043

h/hSLam

0.09223
0.08618
0.08618
0.08618
O. 08618
O. 08618
0.08613
O. 08608
O. 08608
O. O8608
0.08608
0.07918
0.07918
0.07918
0.07918
0.07918
0.07914
0 07910
C 0791 0
0 07910
0 07910
0 07910
0 07910
0.07910
0.07910
0.07910
0.07765
0.07765
0.07765
0.07765
0.07765
0.07704
0.07758
0.07758
O. 07758
0.07758
0.07691
0.07691
O. 07691
0.07691
0.07691
O. 07688
O. 07684

h/hSTurb

0.39035
0.38697
O. 38697
0.38697
0.38697
O. 38697
O. 38684
0.38691
O. 38691
O. 38691
0.38691
0.38266
0.38266
O. 38266
O. 38266
0.38266
0.38263
O. 38261
0.38261
O. 38261
O. 38261
0.38261
0.38261
0.38261
0.38261
0.38261
0.38163
O. 38163
O. 381 63
0.38163
0.38163
0.38121
0.38158
O. 381 58
O. 38158
O. 381 58
0.38112
0.38112
0.38112
0.38112
0.38109
0.38109
O. 381 07
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TIC
NO.
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
2O5
206
207
2O8
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230

XI

1.C43

1 043

0 725

0 725

0 725

0 725
0 725

0 707

0 707
0 689

O.689

O.689

O.548
O.548

O.548

O.548
O. 548
O. 548
0.530
0.513
0.513
0.513
0.513
0.371
0.371
0.371
0.371
0.371
O. 354
0.336
0.336
0.336
0.336
0.195
0.195
0.195
0.195
0.195
0.1777

+0.159
+0.159
+0.I 59
+0.159

TABLE Vll. -

h/hSLa m

0.07684
0.07684
0.07620
0.07620
0.07620
0.07620
0.07620
0.07617
0.07617
0,07613
0.07613
0.07613
0.07585
0.07585
0.07585

• 0.07585
0,07585
0.07582
0.07582
0.07579
0.07579
0.O7579
0.07579
0.07551
0.07551
0.07551
0.07551
0.07551
0.07548
0.07544
0.07544
0.07544
O.07544
0.07518
0.07518
0.07518
0.07518
0.07518
0.07514
0.07511
0.07511
0.07511
0.07511
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Continued

h/hSTurb

O. 38107

O. 38107
O. 38O62
0.38062
O. 38062
O. 38062
O. 38062
O. 38059
O. 38059
O. 38059
O. 38059
O. 38059
O, 38037
0.38037
0.38037
O.38037
0.38037
C,.3_037
0 38034
0 38032
0 38032
0 38032
0 38032
0 38012
0,38012
0.38012
O, 38012
O. 38012
O. 38009
O. 38007
O. 38007
O. 38007
O. 38007
0.37987
0.37987
O. 37987
0.37987
O. 37987
O. 37985
O. 37982
O. 37982
0.37982
O. 37982



TABLEVII. - Continued

T/C
i'_o.

231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
25O
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273

XI

+0.159
+0.159
+0.159
+0.159
+0.159
-0.336
-0.336
-0.336
-0.336
-0.336
-0. 354
-0.371
-0.371
-0.371
-0.371
-" 043
-" 043
- 043
-043
-' 043
-' 061
-078
-078
-' 078
- .078
- . 768
- .785
-2.493
-3.200
-4.260
+6. 346

5.639
4.225
3.518
2.811
6. 364
5.657
4.243
3.536
2.828
6. 346
5.639
4.225

h/hSLa m

0.07511
0.07511
0.O7511
0.07511
0.07511
0.07419
0.07419
0.07419
0.07419
0.07419
O,07416
0.07413
0.07413
0.07413
0.07413
O.07296
0.07296
0.07296
0.07296
0.07296
0.07294
0.07291
0.07291
0.07291
0.07291
0.07179
0.07177
0 07071
0 06975
0 06846
0 09007
0 08805
0 08421
0 08241
0.08072
O. 0901 4
O. 08809
O. 08425
0.08246
O. 08076
O. 09009
O. 08805
0.08421

h/hSTurb

0.37982
0.37982
0.37982
O.37982
0.37982
O.37914
0.37914
0.37914
0.37914
0.37914
0.37911
0.37909
0.37909
0.37909
0.37909
O. 37817
0.37817
0.37817
0.37817
0.37817
0.37815
O. 37815
0.37815
0.37815
0.37815
0.37721
0.37718
0.37626
0.37535
0.37403
O, 38918
O. 38804
0.38581
O. 38472
0.38365
O. 38921
O. 38807
O. 38584
0.38475
O. 38368
O. 38918
O. 38804
O. 38581
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TABLEVll. - Continued

T/C
No.

274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
3O5
306
3O7
3O8
309
310
311
312
313
314
315
3!6

XI

3.518
+2,811
-I. 078
-I .414
-I .591
-I. 768
-2.121
+I .043
0.707
0,530
O.354
O.000
l .945
l. 768
l .591
l .414
l. 061
4. 596
4,243
3.889
3.536

+2.828
-2.475
-2.298
-3. 005
-3.712
-4.419
-0.354
-I .061
-I .768
+0.707
+0. 000
- 2.828
- 3. 005
-3.182
-3.359
-3.536
-3.889
-4. 066
-4.243
-4.419
-4. 596
-3,695

h/hSLam

0.08242
0.08072
0.07291
0.07236
0.07207
0.07179
0.07126
0.07684
0.07617
0,07582

0.07548
0.074810
0.07875
0.07836
0.07799
0.07704
0.07688
0.08518
0.08425
0.08335
0.08246
0.08076
0.07074
0.07100

,0.07001
0.06910
0.068287
0.07416
0.07294
0.07294
0.07617
0.074810
0.07025
0.07001
0.06977
0.06954
0.06932
0.06889
0.06868
0.06848
0.06829
0.06809
0.069!2

h/hSTurb

0.38472
0.38365
0.37813
0.37768
0.37744

0.37721
0.37674
0.38107
0.38059
0.38034
0.38009
0.37960
0.38237
0.38230
0.38186
0.38121
0.38109
0.38780
0.38584
0 38529
0 38475
0 38368
0 37628
0 37651
0 37560
0.37471
0.37384
0.37911
0.37815
0.37721
O. 38059
0.37960
0.37583
0.37560
0.37538
0.37515
0.37493
0.37449
0.37427
0.37406
0.37384
0.37363
0,37473
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TABLEVII. Concluded

T/C
No.

317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340

XI

3.695
3.695
3.695
3.695

-3.712
-3.730
-3.730
-3.730
-3.730
-3.730
-3.730
-3.730
-3.730
-3.730
*0.707
+0. 177
+0.000
-0.018
-0.018
-0.018
-0.018
-0.018
-0.018
-0.018

h/hSLam

0.06912
0.06912
0.06912
O.06912
0.06910
O.06908
0.06908
0.06908
0.06908
0.06908
0.06908
0.06908
0.06908
0.06908
0.07617
0.07514
0.07451
O.07478
0.07478
0.07478
0.07478
0.07478
0.07478
0.07478

h/hSTurb

0.37473
0.37473
0.37473
0.37473
0.37471
0.37469
0.37469
0.37469
0.37469
0.37469
0.37469
0.37469
0.37469
0.37469
0.38059
0.37985
0.37960
0.37958
0.37958
0.37958
0.37958
0.37958
0.37958
0.37958
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TABLEVIII. - ADJUSTNENTFACTORSFORTURBULENTREFERENCEDATA

Run No.

1(control)
2
5
6
7
8
9

I0
II
12
13
14
15
16
17
18
19
2O
21
22
23
24
25
26
27
28
29
3O
31
32

Adjustment RunNo. Adjustment
Factors Factor

1.0
1.016
O. 980
1.030
1.040
1.040
1.044
1.030
1.040
1.038
1.040
1.033
1.033
1.022
1.035
1. 045

• 1.043
1.037
1. 040
1.030
1.000
1.010
1.020
1. 040
1,040
1.060
1,050
1. 030
1.040
1.050

33
34
47
49
5O
51
52
53
54
56
57
58
59
60
61
62
63
64
65

1 040
1 050
1 050
1 050
1 040
1 040
1 000
1 030
1 040
1 040
1 040
l 040
1 040
1 050
1 050
1.050
1.060
1.030
1.030

m,
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